Introduction
The determination of trace amounts of thallium in environmental samples is interesting because of the high toxicity of its compounds. Ever-increasing pollution levels of thallium in nature may be from its discharge into the environment by burning fossil fuels and various technological processes, such as low-temperature thermometers, photoelectric cells, dye pigments, and several types of "resistant" cements. It is also involved as a component of corrosion-resistant alloys in fireworks, and in scintillation counters. 1 Both Tl(I) and Tl(III) exhibit biologically and toxically activation. 2 Although Tl(III) complexes exhibit greater stability than Tl(I) complexes, Tl(I) ions are more stable in aqueous solution. From this viewpoint, it has been shown that Tl(I) is more toxic and reactive form of thallium. It has thus been found that Tl(I) can be replaced with potassium ions in the activation of enzymes. 3 Therefore, the determination of Tl(I) in environmental and biological samples is more important than Tl(III). Since the amount of Tl(I) in the samples is very low, it is necessary to preconcentrate the low contents before its determination. Among the preconcentration procedures, such as liquid-liquid extraction, [4] [5] [6] ion-exchange, [7] [8] [9] sorption, 10, 11 and so on, flotation techniques have proven to be very efficient. 12, 13 They allow handling of large volumes of samples and considerable savings in reagents and time. [14] [15] [16] Concerning the various applicable analytical techniques of flotation, which are described in Ref. 16 , flotationspectrophotometry probably provides the most sensitive, relatively simple and fast approach to trace metal analysis. [17] [18] [19] [20] [21] [22] [23] [24] The aim of this work is to present a simple method for the separation and spectrophotometric determination of Tl(I) ions using iodide and Rhodamine B, as an ion-associated complex, via the flotation process. The method has been found to be suitable for the determination of Tl(I) at levels down to 0.2 µg in a final volume of 30 ml. The reliability of the process was evaluated using synthetic laboratory waste water containing various ions and Tl(I), which was examined with both the proposed flotation spectrophotometric procedure and graphite furnace atomic absorption spectrophotometry (GFAAS).
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Experimental
Materials and instrumentation
All solutions were prepared with analytical reagent-grade and fresh double-distilled water. A standard Tl(I) solution, 2 × 10 -4 mol l -1 , was prepared by dissolving 0.2664 g of Tl(I) nitrate (Merck, Germany) in concentrated nitric acid and diluting to 100 ml with water. Working solutions were prepared by suitable dilution of this solution. Rhodamine B (Merck, Germany) was used as a 0.0125% (w/v) aqueous solution. An iodide solution, 0.2 mol l -1 , was prepared by dissolving an appropriate amount of KI (Merck, Germany) in water, and kept from light. Cyclohexane was from Merck, which was distilled before re-utilizing for the flotation process.
A Shimadzu Model 160A spectrophotometer and a Corning Model 125 pH meter were used for absorption and pH measurements, respectively. A Shimadzu AA-670 with a graphite furnace (GV-7) was used for Tl(I) determination in synthetic waste water. A method for the trace amount determination of Tl(I), via its preconcentration, is proposed. The method is based on the reaction of iodide, Tl(I) and Rhodamine B in a weakly acidic medium. In this process an ion-associated complex is formed, which is floated at the interface of aqueous-cyclohexane layers. Various amounts of Tl(I) by a subsequent separation and dissolution of the floated complex in methanol could be determined, spectrophotometrically. Beer's law was obeyed for the Tl(I) content in the range of (0.8 -8.0) × 10 -7 mol l -1 with a correlation coefficient of 0.9974. The conditional molar absorptivity was found to be 1.0 × 10 6 l mol -1 cm -1 at 560 nm, which indicated the considerable sensitivity of the procedure. The detection limit (DL) was 4.7 × 10 -8 mol l -1 and the RSD (n = 5) for 4 × 10 -7 mol l -1 of Tl(I) was 3.34%. None of the alkaline cations was interfered, and the interference of many other metal ions was eliminated via ion-exchange separation using a cation-exchanger resin, Amberlite IR-120, before the flotation step. The reliability of the procedure was confirmed by determining the Tl(I) contents of synthetic laboratory waste water by both flotation spectrophotometry and graphite furnace atomic absorption spectrometry (GFAAS). The recovery was 92.3 -95.4% for 1 × 10 -7 and 4 × 10 -7 mol l -1
, respectively. The precision and accuracy of the results were comparable via F and t tests at the 95% confidence level.
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Procedure
To an aliquot of a solution (25 ml) containing up to 4 µg of Tl(I), were added 4 ml of 0.2 mol l -1 potassium iodide and 0.2 ml of 0.01 mol l -1 ammonium nitrate, and its pH was adjusted to 4 by adding diluted nitric acid. The solution was heated to the boiling point, and then left to rest. Immediately upon the solution being cooled to the room temperature, its pH was again adjusted to 4, and transferred to a 125-ml separating funnel. Subsequently 0.6 ml of Rhodamine B, and 5 ml of cyclohexane were added. The funnel was stoppered and vigorously shaken for 5 min, and then left to rest for a few minutes. As soon as the floated layer appeared and perfected in the aqueous/organic interface, the upper organic and lower aqueous layers were discarded by slowly opening the tap of the funnel. The floated ion-associated complex, which completely adhered to the inner walls during removal of aqueous and organic layers, was then dissolved in 5 ml of methanol. The absorbance of this solution was measured at 560 nm against a reagent blank prepared in the same manner.
Results and Discussion
Tl(I) forms an anionic complex with iodide ions in a weakly acidic medium, 26 which is associated with Rhodamine B as a basic dye so that an ion associated complex is formed. This complex is sparingly soluble in water, and can be floated at the interface of the aqueous and a low-polarity organic phase, such as cyclohexane. A preliminary investigation showed that Rhodamine B was the most promising dye among the other Rhodamines. Since a number of factors are effective for the formation an ion-associated complex and the flotation process, it is necessary to optimize them initially.
Optimization
The effect of the pH on the flotation process was investigated by varying the pH of Tl(I) solution (2.25 µM) in the range of 2.60 to 5.75, before the organic phase addition. From the obtained results, shown in Fig. 1 , it is clear that in the pH range of 4 the absorbance values are constant and maximum. Thereafter, a pH of 4 ± 0.05 was chosen for further studies. Note that the hydrolysis of Tl(I) does not occur, and Tl(I) does not form hydroxide around pH 4. This behavior may be due to a structural dependence of Rhodamine B on the pH. It was reported that the reactivity of Rhodamine B in an interesting manner is dependent on the pH variations. The carboxyl group, which belongs to the structure, is completely protonated in acidic media, but dissociates in an alkaline solution. The negative charge has an inductive effect on the central carbon atom of the structure, so that the maximum of the main Table 3 Composition of the prepared synthetic wastewater which was applied to investigate the reliability of the flotation spectrophotometric method absorption band is shifted to a shorter wavelength. 27 The effect of the iodide concentration necessary for the formation of thallium complex was studied over the range of a 1 -6 ml addition of a 0.2 mol l -1 iodide solution. As is obvious from curve A in Fig. 2 , a constant and maximum absorbance was obtained from 3.5 to 6 ml of an iodide solution. Consequently, 4 ml of the iodide solution was used for all further studies.
The effect of the Rhodamine B concentration on flotation of the ion-associated complex was studied by the addition of a 0.0125% (w/v) Rhodamine B solution over the range of 0.15 -1.25 ml. As shown in Fig. 2 (curve B) , the maximum absorbance was obtained by adding 0.60 ml, which was used for all further examinations. Decreasing the absorbance after adding 0.60 ml of Rhodamine B was probably due to the increasing tendency to form an ion-pair between iodide and Rhodamine B in the blank. On the other hand, the addition of an excess amount of Rhodamine B caused to a delay of the flotation process in the sample solution.
Effect of an organic phase
The flotation of a ternary ion associated complex was examined using various solvents. As shown in Table 1 , cyclohexane was the most suitable because of a high flotation efficiency obtained, and a quicker separation of the phases. By maintaining the aqueous phase volume at 30 ml, the organic phase volume was varied over 5 to 10 ml of cyclohexane. The results showed a reduction in the absorbance when 10 ml was used; hence, 5 ml of cyclohexane was chosen for further investigations.
Conformity with Beer's law and the figures of merit
Under the optimum conditions, a linear calibration curve was obtained for Tl(I) over the range (8.0 × 10 -8 -8.0 × 10 -7 mol l -1 ) with a correlation coefficient of 0.9974 at 560 nm. With regard to the concentration factor of the process (6 folds, i.e., from 30 ml aqueous solution to 5 ml of methanol), and a path length of 1 cm, the conditional molar absorptivity was 1 × 10 6 l mol -1 cm -1 at the above wavelength. The RSD for 4 × 10 -7 mol l -1 of Tl(I) was 3.34% (n = 5). The detection limit was 4.7 × 10 -8 mol l -1 based on 3Sb. An attempt to obtain a greater concentration factor was made by increasing the aqueous phase and decreasing the methanol volume. Because the results showed an uncertainty, the precision was greatly decreased.
Complex stoichiometry
By considering that the complex was not formed directly in methanol as the organic solvent, the flotation process was carried out with a high concentration of Tl(I) to obtain a large amount of it. The complex stoichiometry was verified by the addition of diluted HNO3 (10 ml, 1 mol l -1 ) to the purified complex in order to deform it and release the initial constituents. The absorbance of the released amount of Rhodamine B was directly measured at 553 nm, and the Tl(I) contents were first extracted with dithizone into CCl4 at pH 11 and then determined spectrophotometrically at 504 nm. The obtained results showed that the ratio of Tl(I) to Rhodamine B was nearly 1:1. It thus, evidently seems that the complex formula was 1:2:1 with respect to the Tl(I), iodide and Rhodamine B constituents.
Effect of other ions
Since the determination of Tl(I) in real samples was proposed, the interference effects of various ions, which are probably found in the thallium content environmental samples were investigated. These ions were introduced into a solution containing 4 × 10 -7 mol l -1 of Tl(I), where the concentration of each of them was 200-times more than the Tl(I) contents. It was found that a number of ions, such as NH4 + , Cl -, Br -, SO4 2 3+ and Ag + , indicated an interfering effect. To overcome these interfering effects, their separation before the flotation process is proposed. Experiments showed that an ion-exchange method using Amberlite IR-120 would be a suitable procedure to eliminate the above mentioned interference. 29 It was found at pH 4 that all of the interfering cations are capable of forming stable anion complexes with EDTA, but Tl(I) is not. Thus, a sufficient amount of a 0.01 mol l -1 EDTA solution was added to the solution. The solution was then permitted to pass through a small column containing an Amberlite IR-120 ion exchanger. The Tl(I) ions remained in the column while the others were passed at that time. The Tl(I) contents were then eluted from the column by a 3 mol l -1 HNO3 solution, and an excess amount of acid was slowly evaporated just before the flotation process. Table 2 lists the results of all the interference studies.
Application
In order to test the applicability of the method, a laboratory synthetic wastewater containing various ions, such as those given in Table 3 , was prepared. The concentration of each ion was much more than the Tl(I) concentration. The interfering cations were separated and the flotation spectrophotometric process was carried out as described above. As shown in Table  4 , the recovery of Tl(I) via the performance of this method was 92.3 to 95.4% for 1 × 10 -7 and 4 × 10 -7 mol l -1 , respectively. To confirm the results obtained by this method, measurements of the Tl(I) contents were as repeated by a well-known method, such as GFAAS. 25 Both obtained results agreed according to F and t tests (Table 4) . These results are given along with the applicability of this method for properly determining Tl(I) in various kinds of wastewater and similar sample solutions. 
